Abstract
data collected with a sensitive surface which provides the discretized pen trajectory. In contrast, "off-line" handwriting recognition addresses the problem of recognizing optical images of handwriting.
In other pattern recognition fields, such as speech and optical character recognition, significant progresses have been made since large corpora of training and test data are publicly available and public competitions are organized to compare recognition techniques on a fair basis [l, 2, 3, 4, 5, 6, 7, 81.
Funding agencies have not been interested, so far, in funding a similar effort to collect data for on-line handwriting recognition and organize competitive tests. Over the years, companies and universities working in the field have collected their own databases. Obviously, the data is so valuable that everyone is reluctant to make it publicly available. To remedy to these problems, we propose a strategy of data exchange which has received the approbation of leading industry players, including Apple, AT&T, HP, IBM, Microsoft, NCR and Philips and by many university researchers.
Introduction 2 The UNIPEN format
Pen computers and pen communicators have drawn a lot of interest from the public in the past few nionths, as the first hand held machines appeared on the market. Pen interfaces are attractive to users, but the handwriting recognition is still disappointing. Researchers are therefore cliallcnged to find better recognition techniques.
IIandwriting recognition for pen computers is known as "on-line" handwriting recognition. It addresses the problem of recognizing handwriting from To facilitate data exchange, a common data format, the UNIPEN format', was agreed upon. Users should be able to convert their own format to and frsom the UNIPEN format easily and hopefully collect new data directly in the UNIPEN format.
'This section provides an introduction to the UNIF'EN format, but is not a complete description or a manual. Data donors should conform to the instructions which can be obtained by ftp (see section 4) We developed and tested the format in collaboration with a work group of 14 experts in on-line handwriting recognition. The format incorporates features from the internal formats of IBM, Apple(Tap), Microsoft, Slate (Jot), HP, AT&T, NICI, GO, CIC. It is an ASCII format designed specifically for data collected with any touch sensitive, resistive or electromagnetic device providing discretized pen trajectory information. The minimum number of signal channels is two: X and Y, but more signals are allowed (e.g., pen angle or pressure information). In contrast with binary formats, such as Jot [9] , the UNIPEN format is not optimized for data storage or real time data transmission and it is not designed to handle ink manipulation applications involving colors, image rotations, rescaling, etc. However, in the UNIPEN format, there are provisions for data annotation about recording conditions, writers, segmentation, data layout, data quality, labeling and recognition results. To obtain realistic training and benchmarking conditions, UNIPEN data should be as faithful as possible to the original data. Because of the broadly differing methods of data collection, a rich annotation is necessary for UNIPEN to become a success.
Our design efforts focused on making the format: The format is a successions of instructions consisting of a keyword followed by arguments:
0 Keywords are reserved words starting with a dot in the first column of a line.
0 Arguments are strings or numbers, separated indifferently by spaces, tabulations or new-lines.
The arguments relative to a given keyword start after that keyword and end with the apparition of the next keyword or the end of file.
Almost everything is optional, so that simple data sets can be described in a simple way. All variables are global: declared variables values hold until the next similar declaration.
Databases written in the UNIPEN format may optionally be organized in different files and directories, but all the data can also be concatenated into a single file.
The format is thought of as a sequence of pen coordinates, annotated with various information, including segmentation and labeling. The pen trajectory is en- 
S E N T E N C E W O R D C H A R A C T E R ) is declared
with .HIERARCHY. Because components are referred by a unique combination of set name and order number in that set, it is possible to separate the . S E G M E N T from the data itself.
The format also provides a unified way of encoding recognizer outputs to be used for benchmark purpose.
Typical data files written in the UNIPEN format are appended.
Benchmark protocol
The participation to the benchmarks organized in the framework of the UNIPEN project is subjected to providing a minimum amount of handwriting data. This ensures that a large database containing a wide variety of samples will progressively be constituted.
A first test is currently organized jointly by the Technical Committee 11 of the International Association of Pattern Recognition, the Linguistic Data Consortium (LDC) [lo] and the US National Institute of Standards and Technologies (NIST). This test concerns only the Latin alphabet, isolated characters, 2To keep the format as general as possible with respect to future developments and extensions as well as to be consistent with previous psychophysical studies on handwriting generation and perception, we use here the terminology proposed in P l a mondon and Maarse (1989) . We avoid using the term "stroke" defined as a fundamental unit of handwriting movement, with respect to a specific generation model. We use instead the term "component" for any continuous trace of the pen recorded by the digitizer. A pen-down component is a trace recorded when the pen is in contact with the surface of the digitizer. A pen-up component is a trace recorded when the pen is at proximity of the digitizer without touching it. Components are not necessarily delimited by pen-lifts and may or may not coincide with strokes.
words and sentences. Other tests for other alphabets, gestures, signatures, etc. will be organized in the future.
The minimum amount of data required for participation in this test is a set of sentences, words or isolated characters containing at least 12,0100 characters. From this set, 2000 characters will be used as: development test set, immediately made available to other participants, and 10,000 will be held by NIST Lo serve as benchmark test set.
Donation of large sets of training data is not mandatory but encouraged. Participants providing more than 50,000 characters will receive a money compensation from LDC. The data received from participapts will be complemented with training data collected by LDC.
The data is sent to a designated FTP site at the Linguistic Data Consortium. NIST reserves the right of rejecting participants whose data is of too poor quality. A data browser for DOS or X Windows systems is provided upon request to check the daf,a quality.
Benchmark test data is kept confidential and reviewed by NIST before release. Deprived of class labels, the test sets will be made available by NIST, at the LDC F T P site. NIST will compute statistics from the recognition results. The results will be reported at a workshop to which all participants of tlhe benchmark will be invited.
After the benchmark, the data will be open to the public and distributed by LDC.
4L
The ftp site at LDC An FTP site has been set up at the Lilnguistic Data Consortium for data and software exchange. Currently, most of the directories can be read only by registered benchmark participants. After the benchmark, more directories will be open.
To access the directories that are publlicly available, proceed as follows: 
